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RECONFIGURABLE SURFACE ENHANCED substrate in a spaced relationship such that a detection site
RAMAN SPECTROSCOPY DEVICE AND is formed along edges and/or between opposing edges of the
METHOD THEREFOR microelectrodes; and a nanoparticle structure comprising a

plurality of metallic nanoparticles disposed in the detection

This application is a 371 of International Application No. 5 site. ] ]
PCT/CA2017/050931 flied on Aug. 4, 2017, and claims the Assembly of the nanoparticle structure may be directed by
benefit of the filing date of U.S. Application No. 62/373,537 an electric field between the at least two microelectrodes.
filed on Aug. 11, 2016, the contents of which are incorpo- The electric field may comprise an AC electric field. The
PP AT R Y S G U slectric fipld, wav ggmnrise an AC electric fold with a3,

A s :
FIELD field. The electric field may comprise an electrostatic field.
The nanoparticle structure may be a branched, clustered,
This invention relates to surface enhanced Raman spec- aggregated, fractal, and/or dendritic structure. In one

embodiment, the nanoparticle structure is a dendritic struc-

troscopy (SERS). More specifically, this invention relates to
a highly sensitive SERS device that is simple and cost 15 ture.
effective to produce, and re-usable.

The nanoparticles may be functionalized. The function-
alized nanoparticles may include a surface modification. The

nucleic acid, or functional molecule, molecular fragment,

There is a pronounced global need for more sensitive and 20 epitope, or a combination thereof, disposed on at least one
cost-effective devices to detect trace amounts of biochemi- nanoparticle.

cal, particularly disease-causing, analytes in environmental Also described herein is a method of preparing a SERS
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posed on the substrate in a spaced relationship such that a FIGS. 6A, 6B, and 6C show results for melamine, cocaine,
detection site is formed along edges and/or between oppos- and thiram respectively, using passive surface adsorption of
ing edges of the microelectrodes; disposing a plurality of the analytes; all spectra represent averages from three dif-
metallic nanoparticles on the detection site under a condition ferent locations on the SERS device.
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SERS {0 pro s the sample at one or more locations in the lytes; “Silicon” shows that no signal is observed in the

detection site. absence of AgNP dendrites.

The condition that induces, directs, or influences assem- 10 FIG. 8 is a screen shot showing SERS signals obtained
bly of the metallic nanoparticles into a nanoparticle structure from rhodamine 6G (R6G) using uncoated dendrites (lower
may include an electric field between the at least two trace) and graphene-coated dendrites (upper trace).
electrodes. The electric field may be an AC electric field, a
DC field, or an electrostatic field. The electric field may DETAILED DESCRIPTION OF EMBODIMENTS
include an AC field with a DC component. The method may 15
include the presence of the electric field during assembly of Described herein are SERS devices that are inexpensive,
the nanoparticle structure and during application of the  robust, and portable. Additionally, a SERS device as
sample. described herein may be reusable. Also described herein are

The method may comprise concentrating an analyte in the methods for using and preparing the SERS devices with
sample at the detection site. 20 simple, rapid, and inexpensive fabrication techniques.

The method may further comprise removing the nanopar- As used herein, the term “SERS device” refers to a device
ticle structure and the sample; and re-using the non-electri- that may be used to analyze an analyte using Raman
cally conductive substrate having at least two microelec- spectroscopy, comprising a solid substrate, two or more
trodes. microelectrodes disposed on the substrate, and nanoparticles

25 disposed on the structure such that the nanoparticles form a
PRNEDRRCR RTION (IF THE W ANENCS Ponageceg'y iy RaEeen (0 190 Qr RO e e ] iy —
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of the deVlce are arranged such that a 3 D electrode con-
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trokinetic deposition compnses applylng an alternatlng cur-

AN O

electrode(s) to be moved relative to the substrate electrodes.
In another example, one or more electrodes may be disposed
on a first substrate, and one or more electrodes may be
disposed on a second substrate, and the first and second
substrates arranged face-to-face (e.g., substantially co-pla-
nar, or at a selected angle) such that a 3-D electrode
configuration is produced. The two or more microelectrodes
may be deposited in their final form, or they may be formed,
or their shape and/or size and/or spacing may be adjusted, by
subsequently removing metal (e.g., by using a mechanical,
chemical, laser, and/or micromachining technique). For
example, the shape, size, and or spacing of the two or more
microelectrodes may be carried out to adjust or tailor the size
or shape of the detection site. Surface preparation of the
solid substrate may be employed as necessary prior to
depositing the metal, as would be apparent to one or
ordinary skill in the art, to enable or enhance adhesion of the
metal to the solid substrate.

As used herein, the terms “nanoparticle structure” and

10

15

20

etc., to the two or more microelectrodes to generate an
electric field between them (i.e., across the detection site). In
some embodiments a direct current (DC) offset may also be
applied to the two or more microelectrodes. In some
embodiments a DC electric field or an electrostatic field may
be applied to the two or more microelectrodes. The electric
field acts on the nanoparticles to influence, induce, or direct
formation of the nanoparticle structure, including, in some
embodiments, the formation of branches, clusters and/or
dendrites. The nanoparticle structure may be “active”, which
refers to the fact that characteristics of the structure, includ-
ing the formation and extent of branches, clusters, and/or
dendrites, may be controlled, tuned, and/or optimized during
deposition as well as during analysis of a sample (i.e.,
dynamically) by providing and optionally controlling an
electric field across an electrode gap. For example, an
electric field may be controlled by adjusting one or more
parameters (e.g., voltage, current, frequency, shape of wave-
form, duty cycle) of the AC current, and optionally the DC
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electrodes 12a, 12b 13a 135 (1e a quadrupolar mlcro- Metalhc dendrmc nanostructures have been produced

,Jl‘i,‘ﬂﬁai'tzﬂﬂ P S T I DT T

droplet 14 containing metallic nanoparticles 16 is placed on ing SOhlti.OHS (Yu, 1. e.t al., “Symhesis of Dendritic Silver
the microelectrode array and the array is activated by 5 Nanoparticles ?md Their Applications as SERS Substrates”,
applying an AC voltage to the microelectrodes, with oppo- Adv. Mater: Sci. Eng., 2013: 1-4; He, L. L., et al., “Surface-

site pairs of microelectrodes (i.e., 12a, 125, and 13a, 135) enhanced Raman spectroscopy coupled with dendritic silver

having the same polarity. The nanoparticles 16 become nanosubstrate for detection of restricted antibiotics™, J.
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urable. In this feature, embodiments contrast sharply with layer of chrome was used to improve the adhesion of the
prior devices having soft substrates (e.g., paper in some prior deposited Au layer (100 nm thickness) to the silicon sub-
devices). Because of the solid substrates, the dendrites may strate.

be removed (e.g., by washing with a simple surfactant Analyte Sample Preparation
ac_cnan) from tha awfocn oftar sica _and 3 R6G was dissolved in methanal ata stock_concentration

sedtie
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Raman spectra were background-corrected through polyno- standard photolithographic techniques. Therefore, this
mial subtraction, and noise was reduced with a Savitsky- method of enhancing dendrite growth provides embodi-
Golay filter. ments with small microelectrode gaps while avoiding the
Optimization of Electrokinetic Nanoparticle Deposition 5 need for specialized production techniques or equipment,

inn_~vnerimente were_condncted acrnee a wide 1 .
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dendrite formation was found to include a frequency of
about 1-100 Hz, and a voltage of about 2.5-3.5 V peak-to-
peak (i.e., an electric field intensity of about 1.5-2.1x10° 10
V/m). For example, in one experiment, extended dendrites

¥ .

FIG. 3 shows the results of optimization experiments
conducted with embodiments using AgNPs and AuNPs,
where SERS performance is quantified through the intensity

DL? Lev mi}' ”jﬁ“ ﬁm‘llin jl;:ﬁ B,at‘r\_')n Emer‘tnlm? nf
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cocaine, and (3) thiram. Melamine is a nitrogenous indus-
trial chemical used in resin productlon and fertlhzer which,

14

r’) would only be capable of attracting large biological
obJects such as bactena and viruses. In the presence of a

crystals in the kidney, leading to renal failure. Because of its

high nitrogen content (66.7% by mass), melamine has been 5

added to dairy products, infant formulations, or pet food, in
order to boost the apparent protein content. Such use has
resulted in the deaths of hundreds of cats and dogs in the
Unlted States in 2007 and the hospitalization of over 50 000

ot ANNGQ_ 1 INT 11 YT _1a1 e

~ rium.

may be extended to smaller objects, such as biomolecules
(e.g., proteins, DNA). To demonstrate the principal of active
analyte concentration amplification here, the technique is
applied to the detection of BSA, an abundant plasma protein,
as well as E. coli K12, a Gram negative rod-shaped bacte-
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graphene-coated dendrites (upper trace). Overall, 2- to electrode configuration is provided and a detection site
— 5-fpld_SERS sigual enhapcement was observerd iqmmedmnnnﬁd@gm&rJmemmm@s—

of the first and second electrodes; and
disposing a plurality of metallic nanoparticles on the
5 detection site under a condition that induces, directs, or
influences assembly of the metallic nanoparticles into a
nanoparticle structure in the detection site along edges
EQUIVALENTS and/or bet\yeen opposing edges of the first and second
0 electrodes in the absence of an analyte;

iU S —— AT N Y T

INCORPORATION BY REFERENCE

All cited publications are incorporated herein by reference
in their entirety.
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26. The method of claim 9, wherein the second electrode
is disposed on the first non-electrically conductive substrate;
wherein a 2-D electrode configuration is provided.
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